Introduction
The development of ecosystem approaches to environmental management implies taking account of multiple pressures. For example, the European Marine Strategy Framework Directive (2008) includes a list of the predominant pressures and impacts exerted by human activities on marine waters, including underwater noise, inputs of fertilizers and selective extraction of species. Indicators are widely accepted as tools to monitor changes in ecosystems and several indicators are needed to identify multiple pressures on ecosystems. However methods are lacking for integrating signals from indicators. Current methods consist of presenting raw time-series (Link & Brodziak 2002) , correlated time-trends highlighted using traffic-light-type colouring (DFO 2003) or composite indices (averages, or ratios) such as the 'Living planet index ' (Loh et al. 2005) (ref) . The latter convey a broad measure of 'sustainability' or 'ecological integrity', but provide little understanding of what is actually changing and why. Moreover, divergent trends in single metrics might cancel each other and precious information could be lost. There have been attempts to identify causes of changes by combining information on changes in indicator species that react differently to different sources of pollution (Lenihan et al. 2003) , or in population metrics more sensitive to variations in mortality or recruitment (the number of fish that enter the exploitable population each year) (Trenkel, Rochet & Mesnil 2007) . This study aims to generalize this approach. We hypothesize that changes in pressures cause changes in ecosystem state which we call impacts and examine whether combining trends in multiple metrics can detect the effects of changes in major pressures, that is, help to identify likely causes of impacts.
Human activities generate pressures at the level of organisms by impairing physiological processes such as growth or reproduction, or by increasing mortality. Impacts on individuals may or may not propagate to the population level, and population impacts in turn may or may not emerge at the community level (Sandström et al. 2005) . Impacts at all organisational levels are of policy relevance (Jones & Lawton 1995) .
It has been contended that functional groups are an appropriate level for tracking the impacts of environmental pressures (Mouillot et al. 2006; Sanders et al. 2007) . Under the compensation paradigm, populations within a functional group have distinctive sensitivities to pressures, which leads to variation between population responses, and buffers effects at the functional group level. This has been examined for fish (Duplisea & Blanchard 2005; Shackell & Frank 2007) , plankton (Fischer, Frost & Ives 2001) , and other plant or animal communities (Houlahan et al. 2007) . Alternatively, ecosystems are viewed as networks in which functional groups are the nodes and impacts propagate through the food web (Hulot et al. 2000; Vasas et al. 2007; Frank, Petrie & Shackell 2008) . Under the network paradigm, impacts should be found precisely at the functional group level. Given the two paradigms, the question is then, which organization level-populations within groups or functional group-is the most sensitive to pressure changes and is therefore the most appropriate to identify impacts?
Exploited fish communities are subject to fisheries and environmental drivers that propagate through the food web owing to multi-species interactions (Hall 1999) . Ecosystem functions of interest relate to productivity, energy transfer from primary production to fish and the provision of edible resources to fishing fleets. Two kinds of pressures might affect these functions: those that modify productivity of lower trophic levels, such as pollution and eutrophication, and fishing pressure, which will cause mortality of target and by-catch species.
There is an ongoing discussion regarding whether marine communities are top-down or bottom-up controlled. If top-down controlled, impacts of fishing would propagate to lower trophic levels while if bottom-up controlled, environmental variability would be a driver of changes at higher trophic levels. Generally, top-down effects of predation have been found to be transferred farther in food webs than bottom-up effects of eutrophication (Borer, Halpern & Seabloom 2006) . However, recent publications suggest that both bottom-up and top-down effects are important in the marine environment (Daskalov et al. 2007; Vasas et al. 2007; Frank et al. 2008; Link et al. 2008 ).
This study compares 14 temperate exploited groundfish communities to elucidate whether changes in fishing and environmental pressures are propagated bottom-up, top-down, or both. We use models of expected changes in state due to fishing or environmental pressures, based on a qualitative analysis, i.e. a mathematical analysis of the direction, not amount, of change (Hulot et al. 2000; Dambacher et al. 2009 ). Metrics that describe changes at population and functional group levels are also needed. We use trawl survey data to estimate length-and number-based metrics. While population metrics are well developed (Hall & Mainprize 2004) , there has been less consideration of appropriate metrics for functional groups. If the species in a functional group are interchangeable (network paradigm), aggregate properties such as total abundance are suitable. However, if species vary in their contribution to the group function (compensation paradigm), averages across populations might be more appropriate (Sanders et al. 2007) . We compare both types of metrics because either paradigm could apply. Finally, the trends in metrics need to be combined, taking account of uncertainty and variability. We use the likelihood principle to identify the causes that best explain observed trends in metrics, and the sum of log-likelihood values to combine evidence across metrics, populations, and organization levels (Trenkel & Rochet 2010) .
The consistency of the causes of impacts derived from joint metric time trends is evaluated to determine the controlling pressures for the 14 groundfish communities. The role of functional groups, buffers or transmitters of pressures, is examined by comparing the results for different types of metrics. The sensitivity of results to methodological details, including the choice of metrics or functional groups is examined.
Materials and methods

Changes in pressures
Fishing generally inflicts mortality at two trophic levels: piscivores, and a lower trophic level that might be their prey. Changes in temperature and hydrodynamic conditions will result in changes in the timing, amount, and quality of primary production, modifying food availability, which will affect recruitment and/or individual growth in some way depending on the biology of each species. Similarly, eutrophication will locally enhance primary production and possibly indirectly fish growth. We gathered information on these three groups of factors (piscivore fishing, prey fishing, and ecosystem productivity) and their direction of change over the last two decades for each groundfish community (see Appendix S1 in Supporting Information).
Predictions of impacts
We used ecological knowledge and modelling to predict the impact of changes in fishing or ecosystem productivity on two classes of metrics: firstly expressing abundance and secondly related to size structure. Different models were used for the population and functional group levels.
At the population level, classical results of population dynamics models predict the expected direction of change in abundance and length structure of populations following changes in pressure (Table 1) . Specifically, increased fishing mortality F decreases both population abundance N and size structure L (Beverton & Holt 1957) while increased productivity can lead to strong year-classes, i.e. increase recruitment R, which will increase population abundance and shift its length-structure to smaller sizes (Beverton & Holt 1957) . Increased productivity might also enhance growth, thereby shifting the length distribution to larger sizes (Rijnsdorp & van Leeuwen 1996) . These predictions only consider first-order effects and neglect density-dependence in growth and recruit survival (Rose et al. 2001) , or evolutionary effects of size-selective fishing (Stokes, McGlade & Law 1993) . Having predicted the expected changes in abundance and size following changes in pressure, we reverse the reasoning and use a given combination of time trends in these metrics as indication for a given process change ( Figure 1, step 2) .
We use the results from Dambacher et al. (2009) for a three-level food chain in which the two upper levels, or functional groups, are targeted by fishing fleets to predict impacts at the functional group level (Figure 2) . The three functional groups are defined based both on their trophic level and exploitation status: 1) Piscivores: large piscivorous fish whose diet includes a large proportion of fish; these species are targeted by a fishing fleet. 2) Intermediate consumers or prey: species known as prey of the piscivores, which at least partly feed on resource species. This group is targeted by another fleet. 3) Resource species: small planktivorous or benthivorous species that are eaten by species of the prey group, and are no caught in significant amounts by any fishing fleet.
Sustained changes in the inputs to the system (fishing effort or ecosystem productivity) were predicted using qualitative analysis to result in changes in equilibrium abundance and the expected life expectancy of the prey and piscivore functional groups (Table 2a ). These predicted directions of change take into account both the direct effect of environmental pressures and their indirect effects propagated through the food web. Alternative versions of the model allow for omnivory, wasp-waist structure, and technical interactions among fleets; the predicted shifts in equilibrium state are robust to model structure (Dambacher et al. 2009 ).
We assume that changes in life expectancy will be reflected in changes in length distribution because fish have indeterminate growth and few fish reach their asymptotic size in exploited communities. As for the population level, we reverse the set of predictions to deduce pressure changes from observed trends in abundance and length metrics (Table 2b ). There can be ambiguity in interpretation: e.g. similar patterns of changes in metrics for prey are predicted if their fishing mortality increases or if piscivores fishing mortality decreases. Changes in length only or abundance only cannot be unambiguously interpreted as a single pressure change. Plausible causes of these changes are either changes in several pressures ), or other causes not included in the model.
Selecting population and functional group metrics
Abundance indices and length metrics reflecting the presence of large fish were estimated at the population and functional group levels along with their standard deviations. The selected metrics for populations were log-abundance LnN and a high percentile of the population length distribution L 0.95 (Table S1 Supporting Information). At the functional group level, the metrics depended on the functional group paradigm. Under the network paradigm, species are interchangeable, i.e. all individuals contribute to group function irrespective of species. Consequently metrics calculated across individuals would best reflect the group attributes. We term these 'group metrics' and use total abundance N, and the proportion of large fish P large (Table S2 Supporting Information). The latter is an agreed-upon indicator of fishing impacts at the community level, whereby the "large" fish threshold represents the average upper fivepercentile of the fish sampled (ICES 2007) (length thresholds are reported in Table S3 Supporting Information). In contrast, if species compensate, functional group-level metrics (referred to here as 'even metrics') should be calculated across the species in the group. Average 'maximum' length, i.e. a large percentile (95%) for population length averaged across populations, l 0.95 , is a suitable metric (Shin et al. 2005) . The geometric mean G of species abundances provides a summary of changes in population abundances giving more weight to the least abundant species than total abundance.
Combining trends in metrics to deduce impacts
We calculated the joint likelihood of trends in abundance and length metrics to deduce changes in state, i.e. the impacts of potential pressure changes. Figure 1 illustrates the steps for population metrics (a detailed description can be found in Trenkel and Rochet, 2010) . In step 1, three monotonic (increasing, decreasing and stable) trends were fitted to each metric using generalised additive models and the log-likelihood for each trend was calculated. In step 2, the joint log-likelihood of the metric trend combinations indicating each process change was calculated by summing across metrics. In step 3, log-likelihood differences from that for the process change with the maximum log-likelihood were calculated. Process changes with differences smaller than 3 (a value based on a simulation study in Trenkel and Rochet 2010) were interpreted as being likely, while all other process changes were interpreted as not being supported by the data. Results at the population level were summarized by the proportion of populations for which there was evidence for a given process change.
The same approach was employed at the functional group level using even (G and l 0.95 ) and group metrics (N, P large ) (Table 2b ). Evidence for major impacts on all or most populations within a group, or on both functional groups at the community level, were identified by summing the log-likelihood across populations within a group or across functional groups (Table S4 Supporting Information). The two metric types may convey complementary information: to incorporate all information we also integrated across metric types. The sensitivity of the number of likely impacts to the cut off value used for log-likelihood differences was examined at the community level by varying the value from 2 to 4.
Consistency between pressures and impacts
We examined consistency between known pressure changes and likely impacts both for each pressure separately and all pressures combined. For mortality changes, we deemed likely impacts consistent with documented pressure changes when there was evidence for a change in mortality in a single direction, and that direction was consistent with independent information. For example in the Ligurian Sea, populations for which "decreasing mortality" was likely and there was no evidence for "increasing mortality" or "no change" were consistent with the known decreasing trends in fishing pressure for both piscivores and prey (Table 3 ). The available indirect information often did not clearly suggest a given direction of change (~ in Table 3 ). Nevertheless, changes in resource productivity were expected: 'no change' was deemed not consistent with the known pressure change. The proportion of populations, functional groups or communities with likely impacts consistent with known pressures was used as a measure of performance of the method and was reported across metrics and organisation levels.
Case-studies
The data for the 14 communities ( Figure S1 Supporting Information) were collected during bottom trawl surveys conducted annually with a stratified sampling scheme in which all fish are identified and counted, and most or all are measured. Details on survey designs are provided in Table S5 Supporting Information. A sufficiently long time-series is required to detect changes because survey data have a low power to detect short term changes owing to the high variability in survey catches (Trenkel & Rochet 2003; Nicholson & Jennings 2004) .
We selected 12 year-periods for analysis because there must be enough time for changes to propagate through the system (this would take a few generations of the longest-lived species, Hulot et al. 2000) but not too much time so that non-monotonous changes might happen.
Rare, poorly sampled species (occurrence across years in fewer than 5% of the hauls) were ignored as were species which were not measured during the whole series. Moreover, only species that could be assigned unambiguously to one of the two functional groups: piscivores or prey, based on the literature and/or diet data were analysed (Appendix S3 Supporting Information). The sensitivity of results to group classification was investigated by comparing the results for four areas (Ligurian, Eastern Ionian, Aegean and North Seas) with those based on an alternative classification using exploitation only: species exploited by the same fleet (e.g., pelagics versus bottom trawlers) were grouped irrespective of their trophic role.
Results
Changes in pressures
Water warming has been reported over the last decades in most areas (Table 3 , Appendix S1). In these cases, changes in ecosystem productivity and individual growth are expected, but their direction is not predictable. Fishing pressure on both piscivores and prey has decreased in some areas; only in the Channel did fishing on prey increase and on piscivores decrease.
Likely process changes at the population level
Many populations showed monotonic trends in metrics, and a wide diversity of plausible changes was identified, especially for prey populations (Figure 3a , c). This is not surprising given that the prey group included many more populations than the piscivores group in almost all areas. The most plausible changes for the piscivores appeared to be recruitment increase (Ri), multiple changes, and a decrease in total mortality rate (Zd) (Figure 3a ). When the loglikelihood for each change was summed across populations to identify common changes within a functional group, one to three likely process changes were identified for piscivores, and one for prey (generally multiple changes), except in the Channel which had two (Figure 3b, d ). This suggests that major changes were occurring in all areas, with a diversity of pressures acting on populations. "No change" had low likelihood values.
On average, 3.9 causes of change were found to be likely for each population, and up to eight (meaning that there was no signal in noisy data). The proportion of results consistent with known changes in pressure was low for mortality: a consistent direction of change was found only in one third of cases ( Figure 4a ,b); it was higher for productivity (80%, Figure 4c ) and for all causes combined, owing to the generally unknown direction of changes of productivity.
Impacts at the functional group and community levels
There was a high correlation between the likelihood values for each cause using the even and group metrics for most areas, suggesting that both types of metrics conveyed the same information (not shown). The exceptions to this were the Alboran Sea, the Gulf of Lions, Corsica, and the Aegean Sea. However, some impacts were identified as likely by both even and group metrics, and some differed. Results obtained using even metrics were more consistent with known changes in fishing pressure (Figure 4a ,b) than those for group metrics, but the even and group metric were similarly consistent for impacts of changes in productivity ( Figure 4c ). Overall, the group metrics results were slightly more consistent with the combined pressures (Figure 4d ), but this was at the cost of ambiguous results, with many impacts likely ( Figure S2 Supporting Information). For example, all impacts except no change were likely in the Bay of Biscay piscivore group using group metrics, while the even metrics suggested that only decreased fishing impacts or increased resources were likely. Using both metric types together identified a smaller number of likely impacts for each area compared to using one type only, i.e. fewer ambiguous results (Figures 5 and S2 ).
"Multiple causes" were likely for both functional groups in all areas while there was no evidence in the data in support to "no change" ( Figure 5 ). A decrease in exploitation and an increase in prey due to either increased ecosystem productivity or a decrease in exploitation were likely for piscivores in many areas. For prey, more areas had a likely increase in resource productivity than a decrease ( Figure 5 ). An increase in mortality on prey (F-Pri or F-Pid) was likely in many areas. At the community level, i.e. considering both functional groups together, the likely impacts identified were from 'multiple causes' and, to a lesser extent, increase in ecosystem productivity, and decrease in prey or piscivores fishing. Different likely impacts were identified, with 'multiple causes' still being likely, when functional groups were constructed based on exploitation by different fleets rather than trophic level. The exploitation grouping performed less well than the trophic grouping in identifying changes in prey fishing and resource productivity, but was better for piscivore fishing and combined pressures (not shown). As expected, the number of likely causes identified increased with the cut off value used for the log-likelihood difference ( Figure S3a Supporting Information). However, this did not substantially affect the performance of the method to identify impacts of known pressure changes ( Figure S3b Supporting Information) . Finally, the analysis was also conducted treating piscivores and prey as a single group, termed unstructured community ( Figure 6 ). Ignoring trophic structure led to more ambiguous results and reduced consistency between known pressure changes and inferred causes.
Discussion
Do changes in pressures generate impacts that propagate through the food web?
We found evidence of both bottom-up propagation of environmental changes in marine fish communities and top-down propagation of exploitation impacts. An increase in resource productivity, or a decrease in the exploitation of intermediate consumers, were identified as likely causes of impacts on piscivores, with the group or even metrics or both, indicating bottom-up control. Changes in fishing pressure on piscivores were also a likely cause of impacts on prey, although this was confounded with changes in fishing pressure on prey.
One to two impacts were found in each community when the community was viewed as a food-web. By contrast, an absence of impacts, or more impacts, were likely depending on the area, and identified impacts were less consistent with known changes in pressures, when the community was analysed as an unstructured pool of species. Thus the food web perspective allowed us to identify impacts and their causes better than an unstructured view.
This study provides ample evidence that marine communities are currently changing in the Mediterranean and North-East Atlantic. Moreover, there was consistency in the most plausible causes of impacts across regions. In most cases, community changes consistent with changes in ecosystem productivity were found, and some decreases in fishing impacts were detected. Changes in the environment had more impacts than reduced exploitation in these regions, which is consistent with previous findings in the Mediterranean (Caddy 2000) . Fishing impacts are not decreasing in the North-East Atlantic, despite recent effort reductions (ICES 2008).
Are impacts most evident at the population or functional group level?
We found that changes at the population level were diverse. There was no consistency of changes for populations within a functional group. However, we identified one or two likely causes at the functional group level. There is probably some compensation among species within a functional group because the consistency between identified impacts and known pressure changes was higher at the functional group than at the population level. This is in line with Auster & Link (2009) , who found wide changes in species composition of trophic guilds on Georges Bank, be they stable or recovering. We also found that group metrics (network paradigm) and even metrics (compensation paradigm) led to somewhat different conclusions, but had similar performances and hence we could not select among these paradigms nor among metric types. Rather we reconciled the two paradigms: there might be compensation within changing groups. Many papers dealing with compensation among populations rely on the assumption that ecosystem structure is resilient, that is, the abundance and characteristics of functional groups are stationary, even if some populations respond to a pressure (Fischer et al. 2001; Duplisea & Blanchard 2005; Shackell & Frank 2007) . This assumption forms the basis of methods to detect compensation such as variance ratios (Frost et al. 1995) or analyses of covariances between species (Houlahan et al. 2007) . If the latter authors did not find many negative correlations between species within the 41 communities they examined, it might be because the functional groups were not stationary, but rather responding to changing pressures. The covariance among populations could include both a positive component (response to common stressor) and a negative component (compensation). The present results suggest that methods taking account of functional group dynamics, or simple methods focused on species proportions as in Auster & Link (2009) , may be needed to analyse compensation among species,.
A practical consequence of our results is that functional groups are a relevant level at which to seek impacts of pressure changes. Ideally, a community assessment should present a summary of population impacts, and the likely causes of functional group and community impacts. The latter will be less ambiguous if different metric types are used together, as they convey complementary information.
Can combined metric trends detect impacts of changing pressures?
Using joint likelihood values for time trends in multiple metrics proved powerful in detecting changes and identifying their likely causes. At the population level, a wide diversity of likely impacts was identified within each functional group. At the functional group and community levels, decreases in exploitation and increases in ecosystem productivity were identified as likely causes of impacts in several areas, the most common cause of which was 'multiple causes'. This result was consistent with independent sources of information (Table 3) . However, while the method generally identified the impacts of changes in resource productivity and combined pressures quite well, it was less efficient in identifying changes in fishing pressure, and provided ambiguous results in many instances. These shortcomings might be ascribed to i) model structure and predictions, ii) weak evidence for actual changes in pressures, iii) an inappropriate time scale, or iv) the generality required by a comparative approach.
The model used in this study might appear oversimplified with only three trophic levels. Toppredators such as marine mammals were not accounted for, nor the complexity of the food web at the bottom of the ecosystem, although both might play important roles in some areas (Vasas et al. 2007; Savenkoff et al. 2008) . Further, we predicted consequences of changes in single pressures and did not establish predictions for multiple changes. However, when both fishing and resource productivity change together, the outcome might be dominated by effects of the latter (Trenkel & Rochet 2009), which might explain part of the results found here.
The literature evidence for changes in pressures was qualitative and perhaps some changes actually took place but were too weak to have a measurable impact, or even any impact at all given the resilience of ecosystems. Moreover, while we could use direct measures of changes in fishing pressure, evidence for changes in environmental pressure was generally indirect, and their direction was uncertain. For example, we assumed eutrophication would increase ecosystem productivity and thus the abundance of the lower trophic level, as has been suggested in the Mediterranean (Caddy 2000) . However, in other circumstances, eutrophication might generate algal blooms and anoxic conditions, thereby decreasing productivity (Anderson et al. 2008) .
A 12-year time-scale might seem short to detect indirect effects, which are suspected to propagate slowly across food webs (Leibold et al. 1997 ). However, a synthesis of experimental studies in rocky intertidal webs has shown that in most instances, indirect effects appear simultaneously or shortly after direct effects (Menge 1997). Various experimental and field studies suggest that this also holds in shelf communities (Daan et al. 2005; Myers et al. 2007; Eriksson et al. 2009 ). Indeed, we were able to detect indirect as well as direct effects. We also oversimplified by tracking impacts over the same time period as pressure changes, while most systems experienced high fishing pressures for a long period beforehand and might still be responding to these sustained past pressures.
We used the same general model for all case studies for the sake of comparability.
Investigations of processes and interactions important within each area would help the development of more specific models which would lack the generality of the present approach but, in principle, they would be more testable. Similarly, metrics selected based on the knowledge of local species biology and ecological interactions might be more relevant. The method appears to be sensitive to details such as the choice of metrics or the criteria used for species grouping. It should be adapted and take account of the relevant knowledge available to be applied for assessing impacts in a particular context.
Several impacts were often found to be likely at all organization levels leading to ambiguous results that might be difficult to use for ecosystem assessment and decision making. This is partly expected given noisy data and indirect evidence, a constraint unavoidable when more complex assessments need to be carried out, accounting for multiple pressures and interactions. Ambiguous results are a way to acknowledge uncertainty. One way to use them would be to identify the need for further investigation. However, it is important to note that the trade-off between power and ambiguity can be decided upon by changing the cut off value for log-likelihood differences. When it is set to 2, several competing causes of impacts are seldom identified. Increasing this value leads to more ambiguous assessments. This could be used in a precautionary manner in subsequent management decisions: if among several identified causes one is manageable, a precautionary approach would lead to action to reverse the trends by addressing this cause. Finally, less ambiguous results are obtained when more information from different trophic levels and/or different metrics is combined. Combining metric trends appears a powerful method for synthesizing information across ecosystem components and data sources. It has wide applicability as pressure and/or socio-economic metrics could be incorporated as well, providing a tool for integrated ecosystem assessment. Step 1. Fit constrained monotonic time trends (continuous: increasing; dashed: decreasing; dotted: no trend) to indicator time series and caculate log-likelihoods logl of their fits.
Tables
Step 2. Calculate log-likelihood (logL) of each process change using interpretation table (reversed Table 1 ) and time trend logl from step 1. L= {logL(Zd), logL(gi),logL(Rd), logL(multiple), logL(no change), logL(multiple), logL(Ri), logL(gd), logL(Zi)}
Step 3. Identify process change with max(logL). Calculate difference between logL of each pressure change from step 2 and max(logL). Interpret differences <3 as evidence in data for given process change ( ). 
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 Table S6 Mediterranean areas.  Table S7 East Atlantic communities Figure S2 . Log-likelihood for each cause based on even or group metrics. Appendix S1. Changes in pressures documented for each study-area. Fishing pressure was characterized based on fishing capacity (number of vessels and horsepower) and/or fishing effort (number of days at sea), taking account where possible of changes in fishing power. When available, recent fish stock assessments gave complementary information on fishing mortality. Unfortunately, evidence of changes in productivity was generally indirect and required assumptions on the effects of pressures on resource productivity. The physical environment was described by temperature, salinity and oxygen. The chemical environment was assessed through time series of various pollutants including heavy metals, organic compounds and macro-waste. Information related to eutrophication was gathered as well. Over the whole Mediterranean region, fishing effort is reported to have decreased in terms of fleet size and horsepower during the 1995-2006 period (Campillo 1992; Berthou et al. 2002; Papaconstantinou 2005; García-Rodriguez, Fernandez & Esteban 2006; Leblond et al. 2007 ). However, fishing pressure might have remained stable owing to technical progress, which is consistent with stable catches over the recent period and continued diagnostics of overexploitation for formally assessed stocks like red mullet and hake (Aldebert, Recasens & Lleonart 1993; Stergiou et al. 1997; Papaconstantinou & Farrugio 2000; Jadaud et al. 2006) . The exceptions to this rule are the Eastern Ionian Sea where coastal catches decreased by 37% between 1994 and 2006 (Source: Greek National Statistical Service); and the Ligurian and Northern Tyrrhenian Sea where the current size of the fishing fleet is about 50% lower than twenty years ago and total catches decreased by 24% from 2000 to 2006 (Source: Italian National Statistical Service -IREPA). Another general pattern in the Mediterranean is water warming over the last two decades, with higher increases in the Eastern compared to the Western Mediterranean at least for maximum surface temperature (Diaz-Almela, Marbà & Duarte 2007) . In the Ionian Sea, in addition, recent changes in water circulation have contributed to an increase in biological production (Souvermezoglou & Krasakopoulou 2005) . Overall pollution by heavy metals, nutrients and macro-waste are widespread among Mediterranean regions and have remained stable or slowly decreased over the study period (Stergiou et al. 1997; Galgani et al. 2000; RNO 2000) . Only in the Aegean Sea increasing levels of eutrophication locally resulted in increased biological production in recent years (Papaconstantinou & Farrugio 2000) . In the North Sea, ICES (2008d) shows that from 2000 onwards fishing effort decreased by about 25% with the greatest change occurring in 2002 with the measures, particularly effort control, introduced as part of the European Union Common Fisheries Policy reform. To some extent this may be countered by an increase in fishing power which for the beam trawl fishery in the period 1990-2003 amounted to 2.8% and 1.6% per year per unit of effort for the major target species sole and plaice (Rijnsdorp, Daan & Dekker 2006) . However, estimated fishing mortalities of the major target species confirm that the decline in fishing effort has indeed resulted in a decreased pressure on the demersal fish community. Probably the main environmental effect was a gradual increase in temperature. In the North Sea, winter bottom temperature has increased by 1.6°C over the past 25 years (Dulvy et al. 2008) . Because of an extremely cold winter in 1996 the trend during the study period is probably steeper. In the English Channel an analysis of landings shows that many species of functional group S 2 decreased over the 1989-2006 period; while no massive trend was found in the landings of piscivorous species. Meanwhile, most intermediate consumers had a decreasing trend in abundance indices from the local survey while piscivores increased (Rochet et al. 2008 ). This would suggest that fishing pressure increased on preys and decreased on piscivores, which is also consistent with trends in fishing mortality estimated for some of these stocks (ICES 2008d) . During the study period, water temperature increased, eutrophication decreased and concentration of various pollutants decreased (Rochet et al. 2008) , so that the overall effect on ecosystem productivity is difficult to predict. In the Celtic Sea, fishing effort has decreased since the late 90's (ICES 2008c; ICES 2008b) . Depending on species, fishing mortality has shown different trends in recent years. As in other areas, improved technology has resulted in an overall high level of exploitation despite effort decrease. At the beginning of the study period, many fish stocks in the area were overexploited and are still assessed as being at a low level in 2006. Environmentally, the major pattern identified is a steady warming of the area. Also, general and continuing reduction of copepod abundance and recent changes in zooplankton composition were observed. These are likely to have had diverse impacts on species, depending on their life histories (ICES 2008a). In the Bay of Biscay, the number of vessels decreased over recent years (Daurès et al. 2009 ) but effort in power times days fished increased and total catches and fishing mortality on the main stocks remained fairly stable since the early 1990s (ICES 2008d; Lorance et al. 2009 ). There is little indication of changes in pressure from other human activities; temperature and salinity were rising during the study period (Persohn, Lorance & Trenkel 2009 ). (Table S1 ) and functional group and community metrics (Table S2 ) used in the analysis. Table S4 . Calculation of log-likelihood for the functional group and community levels; some of these assessments are obtained by summing log-likelihood at lower levels, or across various types of metrics. L p log-likelihood based on population metrics for population p. L(X,Y) log-likelihood of impact at level Y (Pi piscivores, Pr prey, C community) based on metric X (P population, E even, G group, B both)
Appendix S2. Definition of population
Log-likelihood based on Piscivore group Prey group Community Population metrics Figure S3 . Sensitivity to cut off value. a) Number of causes at the community level equally likely found based on both metrics combined, and b) proportion of likely impacts found consistent with known pressure changes, when the log-likelihood test ratio value that is, the width of the log-likelihood window considered as similar likelihood, is varied from 2 to 4.
